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Introduction
Hip pain is a common complaint among people of all ages. Increasingly, femoroacetabular impingement (FAI) is being recognised as an important underlying cause of hip pain, resulting from abnormal contact between the proximal femur and the acetabular rim [1] .
This abnormal contact causes repetitive microtrauma leading to labral and cartilage damage [2] , and may result in early hip osteoarthritis (OA). In fact, FAI has been proposed as a mechanism for the development of early OA in most non-dysplastic hips [3] . Ongoing improvements in imaging modalities have led to an increased recognition and understanding of this complex condition which is now understood to incorporate a range of disease patterns, deformity severities, and degenerative stages [4] .
It is important to emphasise that FAI morphologic features and labral injuries are common in asymptomatic patients. In a comprehensive systematic review, Frank et al. [5] reported that the prevalence of asymptomatic hips with a deformity of the femoral head/neck was 37% (range 7% to 100% between studies). A higher prevalence was identified among athletes (54.8%) compared to the general population (23.1%). The authors also reported that the prevalence of asymptomatic hips with a deformity of the acetabulum was 67% (range 61% to 76% between studies). It is therefore essential to consider the patient history and physical examination when deciding on the need to treat patients with abnormalities of the proximal femur and/or acetabulum identified on imaging.
Pathophysiology
The cause of FAI is not yet fully understood but several theories have been proposed.
Certain factors have been suggested to cause FAI, including high-impact athletic activities during growth [6] , paediatric hip diseases [7, 8] , and genetic factors [1, 9] . Even when no morphologic abnormalities are present, impingement can occur at extremes of hip movement. Repetitive activities that involve extremes of movement can aggravate the situation resulting in symptomatic impingement [10] .
There are two main types of FAI: "cam" and "pincer". They rarely occur in isolation, with most cases (86%) [11] of FAI involving a combination of both types referred to as "mixed" impingement. Cam and pincer impingements have distinctive intra-articular disease features [2, 3, 11] . Cam deformities are bony protrusions on the femoral head/neck resulting in impingement with hip movement. Cam deformities can result in trauma to the acetabulum during hip flexion and/or internal rotation when an abnormal femoral head/neck is forced into the acetabulum. This can place increased shearing and compressive forces on the labralarticular cartilage junction. Over time this will cause an outside-in abrasion of the anterosuperior acetabular cartilage and/or its avulsion from the labrum and subchondral bone [3, 12] . Chondral avulsion can in turn lead to tears or detachment of the largely uninvolved labrum.
Cam impingement is more common in young men, presenting at an average age of 32 years [13] . Athletes involved in high-impact sports, such as soccer, basketball and ice hockey, during adolescence have a higher prevalence of cam-type FAI as compared to non-athletes [14, 15] . This may be due to increased stresses on the femoral head while the physis is still developing. Another theory is that it may be due to new bone formation at the anterosuperior femoral head-neck junction. Paediatric hip diseases such as slipped capital femoral epiphysis [7] and Calve-Perthes [8] have been associated with an increased incidence of FAI. Other factors which may influence impingement includes an abnormal femoral head-neck offset, pistol-grip deformity, reduced anteversion and asphericity of the femoral head [4, 10, 12] .
Pincer-type impingement results from acetabular over-coverage. This over-coverage can be focal, in the case of acetabular retroversion, or global, in the cases of protrusio acetabuli and coxa profunda [3, 16] . Repetitive contact between the femoral head/neck and an abnormal acetabulum can result in degeneration of the labrum or ossification of the acetabular rim [10] . In contrast to cam impingement, acetabular chondral injury occurs in a thin circumferential band at the anterior and superolateral acetabular rim [4] . Ongoing labral and chondral damage can result in further deepening of the acetabulum and worsening of the over-coverage. As the condition worsens, the femoral head gets levered from the acetabular socket causing chondral damage in the posteroinferior part of the acetabulum as a contrecoup injury. Pincer impingement is more prevalent in athletic middle-aged females, presenting at an average age of 40 years [3, 10, 13] .
Symptoms
Patients presenting with FAI will commonly complain of insidious anterior or anterolateral hip pain that refers to the groin. When questioned about the location of symptoms, patients will often use the C-sign to indicate the area of pain. This indicates both anterior and posterior hip pain. In the early stages of the condition, the pain is often intermittent and exacerbated by increased activity such as athletic activities or prolonged walking. As the condition progresses, the pain becomes more constant. Other common symptoms associated with FAI include painful clicking, locking or instability which may indicate a labral tear. Athletes will often report that they are less flexible compared to their teammates.
Patients will often report that activities such as high hip flexion or prolong sitting aggravate their pain. They also report that putting on their socks, getting in/out of the car, running, and turning towards the affected side can exacerbate their symptoms.
Physical Exam
Examination of gait pattern may reveal an antalgic gait pattern, especially as the condition progresses. Assessment of the hip will often demonstrate reduced range of motion particularly on flexion, internal rotation and adduction of the hip. Passive flexion is often limited to less than 105°, and passive internal rotation at 90° flexion is often limited to 0-15° [4] .
There are several clinical diagnostic tests used to assess for FAI and labral pathology. To date, none of these tests have been shown to reliably confirm or rule out the diagnosis of FAI and/or labral pathology [17] . There are two tests commonly used to assess for FAI. The FADIR test is performed with the patient supine. The examiner passively flexes the hip to 90°, adducts the hip, and then passively internal rotates it. Reproduction of the patient's pain is considered a positive test. Passively flexing the hip to 90° and adducting the hip leads to the approximation of the femoral neck and the acetabular rim. The addition of internal rotation induces shearing forces at the labrum and creates a sharp pain when there is a chondral lesion, labral lesion or both [3] . The FADIR test has a sensitivity of 59-100% and a specificity of 4-75% [18] . Due to the high sensitivity, a negative FADIR test can quite confidently rule out FAI. However, a positive FADIR test cannot confidently diagnose FAI due to the low specificity of the test. 7 The other test, the posterior impingement test, is performed with the patient supine and with their leg hanging over the edge of the bed which places the hip in extension. The examiner then passively externally rotates the hip. If this test elicits the patient's pain then it is considered positive. Only one study has examined the sensitivity of this test and none have examined the specificity. The sensitivity was found to be 21% [19] .
Radiological Assessment
The role of imaging in FAI is to evaluate the hip for the characteristic features associated with impingement, and for evidence of chondral, labral and osseous injuries resulting from this over time.
Plain radiographs X-ray is an important diagnostic tool in FAI. For the most part, two views are used: an anteroposterior (AP) view of the pelvis (not the hip) and an axial cross-table lateral view of the hip. An alternative to the latter is the Dunn/Rippstein view which can be helpful in assessing for pathomorphologies of the anterior femoral head-neck junction [20] . If the prerequisites of correct patient positioning are not fulfilled, radiographs must be interpreted with caution.
The following radiographic measurements/features help to identify cam impingement:
 Pistol-grip deformity: this is characterised by flattening of the lateral aspect of the femoral head-neck junction on an AP x-ray of the pelvis (Figure 1 ). It was first described by Stulberg et al in 1975 who likened the shape of the proximal femur to that of a flintlock pistol seen in old pirate movies [13] .
 Alpha angle: first described by Notzli et al in 2002 [21] , the angle  is described on axial views of the hip as the angle between the axis of the femoral neck and a line connecting the centre of the femoral head with the point where asphericity of the head-neck contour begins (Figure 2 ). An angle > 55 is considered indicative of cam impingement but some authors consider an angle > 60 for reduced false positive diagnoses. The angle can also be measured on CT and MRI scans. A large systematic review by Wright et al in 2015 [22] concluded that an increased  angle is the only FAI prognostic factor associated with the development of early OA and a labral tear. o Lateral centre edge (LCE) angle: this allows the degree of over-coverage to be quantified. It is formed by a vertical line through the centre of the femoral head connected to a line to the lateral edge of the acetabulum (Figure 4 ). This must be measured from an AP x-ray of the pelvis, not of the hip. An angle >39 indicates acetabular over-coverage [24] .
o Acetabular index (AI): this is an angle formed by a horizontal line from the medial point of the acetabular roof and a line connecting this point to the lateral edge of the acetabulum (Figure 4 ). An angle </= 0 indicates an increased acetabular depth [13] .
 Focal acetabular over-coverage: this may affect the anterior or posterior acetabulum.
A normal acetabulum is anteverted, with the posterior rim lying lateral to the anterior rim [25] . The posterior rim can be distinguished from the anterior rim by tracing upwards from the inferior edge of the acetabulum. 
Computed Tomography and Magnetic Resonance Imaging
Computed tomography (CT) and magnetic resonance imaging (MRI) are useful in confirming findings made on x-ray imaging and in surgical planning. CT is helpful in assessing bony deformities. CT scanning in the position of discomfort allows cam deformities, including femoral retroversion and coxa vara, to be accurately mapped in a 3D reconstruction [12] .
Femoral retroversion is where the femoral neck is orientated posteriorly as compared with the femoral condyles. Coxa vara is where the angle between the neck and the shaft of the femur measures <120 ( Figure 7B ).
Magnetic resonance arthrography (MRA) has traditionally been the preferred investigation for labral and chondral pathology. However, 3T-MRI is becoming increasingly popular, with near equivalent diagnostic values for labral tears [26] whilst avoiding the need for a painful joint injection. Clinical correlation is important however, with some studies reporting a high incidence (up to 73%) of asymptomatic labral tears [27] .
Non-operative Treatment
Conservative management is first line treatment for FAI. This often includes rest, movement pattern re-training, modification of activities, muscle strengthening, physiotherapy, antiinflammatories, and corticosteroid injections [10, 28, 29] . Discontinuation of sport and recreational activities is encouraged, however this is often unacceptable to young patients. Intra-articular steroid injections can be helpful in reducing pain and can also help to confirm the hip joint as the source of pain [30] .
Wall et al. [29] concluded in a comprehensive systematic review that the literature seems to recommend non-operative management as first line treatment for FAI. They concluded that activity modification and physiotherapy may be beneficial. However most of the papers (48/53) included in this systematic review were review or discussion papers. Wall et al.
concluded that one should be cautious when interpreting this literature as a substantial amount appears to have been based on the authors' opinions rather than on evidence-based research. The review also concluded that high-quality randomised control trials need to be conducted to ascertain the true clinical effectiveness of non-operative management.
Surgical Treatment
An unsuccessful trial of non-operative management is commonly agreed to be the main indication for surgical treatment of FAI [31] . The aim of surgery is to reshape the proximal femur and/or acetabular rim to prevent abnormal contact between these two structures.
During this surgery, it is also important to address any associated labral or chondral damage. 
Open Surgical Procedures
Open surgical techniques involve dislocating the hip anteriorly. A trochanteric flip osteotomy gives a full 360° view of the femoral head-neck junction allowing the surgeon to identify any abnormalities which may be causing impingement. These may then be excised in order to restore the normal concave contour of the femoral head-neck junction. Care must be taken when dislocating the hip in order to minimise vascular trauma and prevent avascular necrosis of the femoral head. Care must also be taken to avoid a femoral neck fracture.
Mardones et al. [32] suggest that the risk of femoral neck fracture is significantly high if more than 30% of the anterolateral quadrant of the head-neck junction is resected.
Periacetabular Osteotomy
Two surgical options are frequently used for the treatment of acetabular retroversion causing pincer-type FAI: resection of the excessive anterior acetabular rim and reverse periacetabular osteotomy [1] . During reverse periacetabular osteotomy, complete reorientation of the acetabulum is achieved by cutting the acetabulum away from the rest of the pelvis and repositioning it in a way that reduces both anterior and lateral over-coverage of the femoral head, helping to alleviate anterior impingement. This option is preferred for hips with a positive posterior wall sign indicating a deficient posterior acetabular wall as trimming the anterior rim could decrease the size of the acetabulum and create instability of the hip [1] .
Arthroscopy
There has been a significant increase in the number of arthroscopic procedures performed to treat FAI in recent years. This less invasive method is preferred over open surgery where possible due to reduced morbidity and quicker recovery times [31, 33] . Avoiding the need for trochanteric osteotomies and long periods of reduced weight-bearing has clear advantages, especially for high-demand patients such as athletes seeking a quick return to high-level sport [34] .
Arthroscopic management involves the placement of 2-3 ports through which the central and peripheral compartments of the joint can be assessed. The central compartment includes structures medial to the labrum and the peripheral compartment consists of structures located outside the labrum but within the hip capsule. Traction must be applied to allow access to the central compartment when repairing pincer lesions. Care must be taken to limit the traction time to less than 2 hours in order to avoid neurovascular injury.
Traction is not required to access the peripheral compartment and so cam deformities can be corrected with the hip off traction. 
Management of the labrum
Since the acetabular labrum is thought to have an important role in weight-bearing and joint stabilization, preservation of healthy labral tissue is desired in order to enhance the overall integrity of the joint and to prevent or delay the onset of hip OA [4] . Multiple methods of labral management exist, including labral debridement and various forms of labral repair [35, 36] . In young people with significant labral deficiency and without concurrent degenerative changes, reconstruction of the labrum can help to restore labral function [36] .
Aggressive resection of the labrum may have a negative impact on joint stability and cartilage consolidation [37] .
Outcome of Surgical Management
There is no consensus when it comes to choosing between open and arthroscopic methods of treating FAI, and the decision is generally dependent on the surgeon's own preference [38, 39] . Recent studies have highlighted situations in which one approach might be preferable over the other. For example, cam deformities with significant posterolateral extension were found to be managed more thoroughly by open approaches [40] . Certain acetabular deformities might also be more completely treated with an open approach [41, 42] . An open approach can also help to reduce the risk of complications as an arthroscopic approach cannot safely address all pathology in these complex cases. Surgical outcomes are less favourable when other conditions co-exist such as OA and acetabular dysplasia. In advanced degenerative joint disease, total hip replacement is the treatment of choice [4] .
Harris et al [43] in a comprehensive systematic review reported that statistically significant differences were observed among patients following surgical and non-surgical treatments for FAI, with greater improvement found among patients that underwent surgery. No significant differences were observed between the different surgical techniques used.
Greater re-operation and complication rates were observed following surgical dislocation compared with mini-open and arthroscopic techniques. The review concluded that outcomes of operative treatment are significantly better than those of non-operative treatment. It is important to note however that the review only included one study which assessed outcomes of the latter.
Bedi et al. [44] published a systemic review on the outcomes of surgical management of FAI.
Open surgical dislocation with labral debridement and osteoplasty was concluded to be successful, with a good correlation between patient satisfaction and favourable outcome scores. The studies reviewed which focused on open surgical procedures found that 65-85% of patients will be satisfied with their outcome at a mean of 40 months after surgery. The failure rate, defined as a dissatisfied patient and/or conversion to total hip replacement, ranged from 4% to 30% and was highest among patients with pre-existing OA. The studies reviewed which focused on arthroscopic treatments collectively assessed 271 patients with a mean follow-up time of 26 months. Good outcomes were reported for 67-93% of these patients. The failure rate ranged from 1% to 33%.
Another systematic review by Ayeni et al. [35] found that labral repair was associated with greater improvement in post-operative functional scores compared with labral debridement, with five of the six studies reporting a statistically significant difference between these methods. However, given the limitations in study design of the included studies, these results should be interpreted cautiously. Questions remain regarding the epidemiology, diagnosis and treatment of FAI, thus more research is needed to better comprehend this entity. 
Conclusion

